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VIED-TUPEEL TESTS OF SIITGL2- AND DUAL-EO!EATIliG PUSHER

PRummRs Hmm’G”7mMu!mEEl!mEmH’rBIAms

.. By 3)avld Biermann and W. H.” ‘Gray

SUKHAJLY ‘

Tests of J.G-foot-diameter, single- and dual-rotatifig-
pushor propellore hn.ving from time w eigfi%blades were
conducted i~ the 20-foot propaller-reeearch tunnel as a “
coattnuattoc of prevfous investigations of trmctor propel-
lerco The prapollors wore mounted at the rea= cnd of a
etroamliao bed:” in epinfiore thct covered the liu%e and pnrt
of the shc.r.ks. The offoct of spinner length wnsoalso i~--
veatigntc&. 131t+de-r.nglt3acttinge rnngod Srom 20 to 70 .

Th9 efficiencle~ of the dual-rotating proyellere in
the pusher position ~:ers cboat the same ae for the tract.os
position, Iti, tLe efficiencies for the single-rotating
propel19rc were s9m9wkat 18ss. ThsI Calns due to dup:l fio-
tation were, consequently, greater for the pusher posi-
tion than for the tractor position, amounting to as nuch
as 26 parccnt aa coqared with ~ percent. The Cenerp.1
effects of dual rotatloa on other psopeller characteris-
tics were substantially the smme for the pushar position
as. previously noted for the tractor position.

Two previously publlel?.ed reports (references 1 and 2]
present the results of tests on three-, four-, six-, and
eight-blade, slnglo- and dual-rotating pro.pellor~ for the
tractor condition. ~he present report presents tho re-
sults of subeoquont tests of tho eamo propellers mounted
in the pusher ~osltion.

Tho offoct of an olonghtod spinner,
rotating, was also etudiod. lTo wing was
pusher tests.

APPARATUS AHD HETEODS

both fixed and
used for t~o

The prosont investigation Is a continuation of othore
previously made in the propollor-research tunnel. (s00
roforoncos 1 and 2.) A dotailod desorip%ion of tho appa-
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ratus and methods will therefore not be ropoated. A short
description follows in ordor to mako ropcated roforonco to
the previous reports unnocossery.

IIodQl.- !Che model used in the previous tests was
turnotl end for end. As both ends of tho body &ro iilenti-
aal, tho flow ovor the lIo@ was similar for tho tractor
an?! pusher studios.

Tho six-blado (dual- and single-rotation) tests wero
ropcated with a splnnor three times as long as the 6hort’
one nornc.lly used. (s00 fig. 1.) qhls s~innor was so
constructed and supportod that It could olther b~ fixed
or froo to rotatoo

Proacllers.- The four-, oix-, and. eight-blade propel-
lers, siEf;l9- snd dual+otating, were nounted in two-s
three-, or four-wa~ hubs as the case required and spaced
in tanden approximately 10 inches. (S9e figs. 2 and 3.)
Preliminary tests were made to determine the optimum angu-
lar displacement between the front nnil rear propeller
blades :or tie singlo-rotet.ion tests. qhOSO t09tS showed
no cpprocicblo aerod~namic difference between the various
spacings within a range of 30 on either direction from
an equal spacing. Oh”ing to the p~8iti0n of the shaft
splinos, oqunl spaciLg waQ imqoFsiblo; for four-, six-,
and eight-blado singlo-rotcting prop~llors,othc front
blade therefore led tke rear by 85.4 , 75.0 , ma 52.5°~
respectivel~.

The blades used for tkis investigation were the same
as previously tested; Hamilton Standard 3155-6 and 3156-S, -
right-han~ and left-hand, respectively. Blade-form curves
are given in figure 4. Clark Y sections are incorporc.ted
throu~hout.

Test conditions.- Zecc-use of the limiting tunnel
speed (npproximatel:~ 110 mph) and the liniting power of
the drive motors (two 25-hp electric motors), the Reynolds
number and the tip speed wero considornbly lowor than
thoso exporionced in fligk.. Tho maximum propollor speed,
which was 550 rpm, wcs obtainable only for tho low blade
angles and tho low ?/nD rango of tho tests. Tho tip
spood, consequently, was below 300 foot por second, ma
thus the effects of compressibility could not be m~ns~~r~d.
The Roynolils number of the 0.75R section was of the order
of ono million.

—. —
.
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.-, .. The right-hand (front) prope,llor waq.set at ‘Von.
valuo6 of blci,dosetting for the dual-rotation te0t6. The
left-hand (rear) was set to a’bsorb the same power as.the
right-hant!. propeller far the peak-efficiency condition
only. A plot of the n,ngular difference between the right-
and the left-hand propeller-blnde settings is given In
figure 5. The speed of the right- and the left-hand pro-
pellers was maintained equal throughout the tests. The
test procedure was the smme as that used for previoms in-
vestigations In thi~ tunnel.

..

RESULTS Akl DISCUSSION

TkQ neasured vr.lues hcve been reduced to the usual
coefficients of thrust, power, and yropul~ive efficiency.

effoctivo thrus!
p n= D*

englno mower——
p n= D5

CT ~——
Cp n12

/’‘pvs J- w’
—=~k- “P na

whero the effectivo thrust is t%e moss-urod thrust of the
propeller-body ~omblnation plus the drag of the body meas-
ured separately, and

P power absorbed by propeller, foot-pounds per second

V airspeed, feet per second

D propeller diameter, .feet - ,. :

n propeller rot~.tioaal speed, revolutions per second

P mass deasity, slugs per cubic foot
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“ T3ese coo ffiolents were plotted agn!nst V/nD. !Che
results aro given in tho following figures:

Flmre—

6-9

10 - 13

14 - 18

19 - 22

23 - 27

28 - 31

32 - 36

37 - 39

A()

41 - 42-

43 - 47

48 - 55

56

57

58

b

characteristic curves for throo-blatlo propollor
in frost hub ,

chnrnctoristic curves for four-blado propellor,
slaElo rotation

characteristic curves for four-blade propellor,
dual rotation

ch.arnctorlstic curves for elx-blade propollor,
sin~lo rotnt%on

-charnctoristlc curves for six-l)lado propollor,
(dual rotation

charaot~ristic cu~vas for eight-blado propollor,
, singlo rotation -

charnctoristio curves for eight-blado propollor,
d.ur.lrotation

offoct of spinner length on officioncy
.

cfficioncy-onvolopo comparisons for difforont
soliditios

ratio of powor ahsorboL por blnrlo at pomk offi-
cioncy to thnt of m throo-bla?o propollcr,
sinele nnd dunl rotntion

comparisons of of=icioncy onvolopos for tractor
“ant!pusher propellers

effect of dunl rotation on efficiency ant’.thrust
at constnnt power

design chart for propellers 3155-6 m?! 3156-6
of different soltt!itiess Cingle rotation .

design chart for propeller 3155-6 and 3156-6 of
different solidlties, duml rotntion

relation between helicnl tip speed, forwarcl s~eedg
and equivalent V/nD
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The results of the “pusher tests are in general agreo-
“ment“with” the traetior “tests previously Feportsd (refer-
ences 1 End 2) a,e regarde the effect of dual rotation on
power absorbed and efficiency. The.taeeffects may bo ob-
servod In detnil from an inspection of the characteristic
curves prosentod In figures 14 to 17, 23 to 26, and 32 to
35, whoroin roprosontat$vo results from tho single- “
rotation tests aro suporlmposod on tho dual-rotation plote.
Of general Intorost is tho magnitude of tho gain iu offi-
cloncy duo to dual rota.tlon, which was somewhat groator
than oxporioncod in tho tractor Znvostlgation, and also
tho relativo powor absorbed by tho slnglo and dual propol-
lors, vhioh was about tho “saao as for tho tractor tofats.
Tho consoquoncos of thouo offocts are analyzed moro fully
In dctall later.

Effect of mountin~ si~lo-rotating Dronollors In. —.—— — —.— _
tandem hubs.- Tho”aodol conditions for tho single-rotation
t.osts wore Identical to thoso for tho dual-rotation tests
in that tho samo hubs ani!!splnncrs woro used. In both
caso~ half tho total numhor of ble.dos wcro la each hub of
the tandem arrangomont. As the singie-rotetion bla?.os
woro arr~.ngod in this unorthodox manner, it was ?Losirod
thnt tho oifoct of mounting the bln~os all In a singlo hub
should also ‘DO dotorminofi for the ono caso of four blades.

Figures 10 to 13 prosont tho results ,of soparato
tests mede with all four blades in tho front hub, four
blades in tho roar hub, as WOII as two blades in each hub.
Tho tests seem to confirm the theory that the set-up with
two blacles in each hub would result in nn effioleno~ that
Is the average of efficiencies obtained with the four
blades tested separately in each hub. The front spinner
covers approximately 23 inches more of each blnde shn.nk
thnn the rear spinner, which mocounts for the al?preoi~bly
higher efflcieucy of the -propoller In the front position,
an inmelase of 1 to 4 perconto

Effect of Smtnner londh.- It was realized that for
“bhe pusher tests tho shapo and the sise of tho spinner
might “havo an Important effect on tho results, Two Spin-
ners were thereforo Invostigatod, a short s inner that
was ztcumlnrd for all tests, and a long ono i’soe fig. 2)
used for a fow tests with six-blade slnglo and dual pro-
pellers. The long spinner was so designed that it might .
eltho.F bo flxod or allowed to rotato.

.. ——-. —
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Comparisons of tho relatlvo merits of the long anti
the short spinners aro maae on tho basis of a not effi-
ciency: the drag of tho boay with tho short spinner is
used for tho computations. This fo~m of comparison is
nocossary hocnuso tho long spinner adaei!.drag, whloh should
bo charged ngninst tho propollor if tho only purposo of
longthoning the splnnor is to incroaso tho propulsive of-
flcioncy.

.-
A ~o.in of 2 to 3 porcont (Eoo figs. 37 to 39) in not

efficiency was” recl:zed for the long spinner over the
short spinner for single rotation; the effect on efficien-
cy of having the spinner rotating or fixed was negllgibls.

The small gatn in net efficiency for the long spinnqr
was confined to th low V/n~ range for the dual-rotating
propbllors. g2at the long spinner benefi t~d the single-
rotating propellers to a greater extent than the duel pro-
pellers u.ay be e.ccounte? for by the fact that the rotating
slipstre&m of the single propellers -might have caused ear- ‘
ly separation fron the short spinner. This rotating slip-
stream was not present for dual rotation.

Inannuch as the long spianer added drag, a loss in
efficiency aisht ba expoctod for dual rotation. ~hat
this loss was not roalizoti wao probably ?.UO to tho fact
that tho long spin~er was also IarRor in dianoter than tho
snail one and thus covorod up uoro of tilo poor blaao
shanks.

Effect of solt?.ity.- EnTolopo offic~oncy comparisons
for propollors of difforont solidity are not of nuch
practical Interest ?)ocau~o tho powor absorption is diffor-
ont for difforont soliditlos. Cur-.rosof this typo provide
a measure of blade efficiency, or the effect of blade in-
terference. The general effect of increasing the solidity
for single roiation, shown in fi~ure 40(a), was to reduce

‘ the efficiency several percent over the V/nD range; a
drop of 4 to 10 percent was experienced in going fron
three to eight blades. Yho loss in offlclency resulting
fro= increasing the solidity appeared to be negllgiblo for
dual rotatlono as nay bo notod from fi~gro 40(b).

Comparisons are nad~ In figures 41 and 42 for tho
powor absorbod at peak efficiency per blade, relative to
that for the blacles of a three-blade propeller. TheBe
plots indicate that the effectiveness of each bla~.e of a
dual propeller In absorbing power was substantially nore
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. . .tluw; tlmt..?or. a alngle~;otati~ propeller, an effect no-.
ticed for the traotor propellers As wbll’”(tiefe”renc-e2).
The indlvifiual blades of an eight-blade dual propeller ab-
sorbed approxinatoly 84 percent as much power as each
blado of a throo-blade single propollor as oonpared with
81 Foroent for an eight-blade einglo proFellor.

.

~?~nU&in&l~d.&l~r~a&i~~qr both
tractor and mizsher mos3tions.-

—.
Tho lnprOvonon* in effi-

ciency duo to dual. rotation was noro pronounood for tho
pusher propellers (fig. 43) than for tho tractor propol-
lors of roforoncos 1 an~ 2. Tho gain for tiho pusher pro-

.pellcrs ranged froa 1 to 16 Forcent as qonparod with 1 to
8 poreoilt fop tho tractor propQllors, dopencling upon tho
T/nD, tiho nunbdr of blnLos, ancl sinilar factorsti

Tho Creator i=provaccnt i~ o~ffcioncy duo to dual
rotation for th.c pusl.or position was not generally Rue to
an increafied efficl.oncy of ths dual combination but rather “
to a ~roatly reduce?. efficiency of the single-rotating
propellers. It appe~.rs fron figure 43 thct the efficien-
cy of :he ?.ua~ prope~.lers renaine:l r.-OOII%constant for both
positions hut that the sin~lo-rotating propellers woro
less efficient fOr tl.e pusker position boccuso of tho
probe.blo effect of the Yotatlng sltpstreo,n and spinr.or on
Inducing ec.rly sepa~e.tio~.

I;oro t!!cit.c.iledconpar?soas of tractor c.nd pusher pro-
pollors are ~%ivon in flguros 44 to 47. Y-ho sin,3l0-
ro%atln~ punher propollors woro fron O to 7 porcont loss
:offlcient than the. corresponding tractor propollors mid
fron O to 10 porcont loss officiont than tho tractor pro-
pollora tosto!~ with tho wi~g. Tho I.ual propollors pro-
vidod about the sa=o officioncy,. within a fow porcoat,
Irrospoctlvo of whatkor tkoy wero toetod as tr~ctors or as
pushers and whothor or not a wing was prosont.

Corimu-~ons o% “officloncy an{l t3.rust base?. on con- .

stant powor.- Sinco tho dl~i-r~tatlng propellers absorbod
sonowhnt nore power at tho sano blade-anglo setting than
tho single-rotating propellers, the effect of dual rota-
tion on “efflcienoy an?. thrust should.be+based on equal
power absor~tlon. Such coupartsons are uad.e in figures
48 to 50 for off~clency mnd In f~ti~res 51 to 53 for t~rUSt.

The offlciency gains at peak ~ ?uo to dual rotation
aonpare favorably with those Imaod. on th’e V/nD envelope
ourvos; oven groator Gains aro ovldoat, howover, for con-
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ditions corree~onding to.tlm take-off and clinb. This feet
is brou5Lt out to bettor advantago In fi.guros 51 to 53,
wherein tha relattvo thrust of clual- and” single-rotating
propellers is plottod. It aay bo noted that tho tako-o:f
anil cliubin% thrust was incrocsed as auob as 40 or 50 per-
cent for the r-oat extrone case, anuoly, tho four-blndo
propollor o~oratinG at Cp = 0.6.

This incroasod thrust nay ho “nccountofl”for partl~ by
tho fact thnt dual-rotating propellers r.baorbed nore power
than sli@e-rotating one~ rm!., consequontlyD bb.e %la(le-
angle settings for the t!ual propellers were lower than
for OinCle-rotntin~ propellers, particularly for thb take-
off and Clia-DinZ conflictions. This lower blo.’’.e-an:gleset-
ti~g resulted. in greater thrust for a &lven power output,
owing to the b.igher lift-draS ratios of the oleaents and
to Core favorable Yelocity-vector relationships. Also,
with dual pro~ellers the losses due to slipstream rotation
are grer.tly reduced, which accounts for a large percentage
of the ca.ia in efficiency.

‘I!hattho dual-rotating propellers absorbe~ uore power
that tho single-votatin~ pro:>ollers, particularly for the
take-oflf and cliab~n~ conditions, aay be accounted for,
as ~o:~tiocod in previous reports, by the fact that tho rear
propeller of tho dual arrangonent was operating in tho sllp-
stroaa of tho frost propollor whi~. was twisting in a dl-
roctioa opposito to the rotation of tho roar propollcr.
!l!hi~condition indicates that the rotational velocity of
tho roqr propcllor relativo to tho air wcs groator than
that of the front propoiler of thelual combination; hoace,
tho roar propo~lor was producing aoro thrust. !Cho ro-
voreo o~foct was prosoat for thci single-rotati&g propol-
lors and accounts for the largo difforonces in powor ab-
sorbod for sin@o- and dual-rotating propellers. --

That tho roar propollor of tho dual combination hod a
higher offoctivo rotational velocity than tho front onc
will probably result in higher couproeslbility losees
when tho propollors cro opor.atod at high tip spoodss al-
though tho difforonoos nay bo unimportant for tho high-
spood fli@t condition.

Of intorost, also, is tho offoot of solidity.on offi-
cioncy at constant powar, which is shown in fiaros 54
and 55. It nay be notod that increasing the solidity
greatly incremsod tho effioioncy for tho take-off and
climbing conditions, wits somo loss at high speed. This
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effoat of Inoroasod officgonoy at low values of. v/nl),
discussed In taono dotnil In roforonoo 3, was duo czhlofly
to rodqq$n~ tho angle om~.at.t~c~..ofiopordlon, thoroby ln-........ ........
croas~ng tho L/I! of tho soetione.

Proli.mlnary dosi~n oharts.- In tho solootlon of pro-
pellers :or now high-porformanoe airplanes thoro may be
somo choioo as to tho number of blades to bo employod and
mlso whothor. tY.oy should bo singlo or dual rotating. In
OraOr to eava tlmo In s-olooting propcllorss seroral oharte
aro included that may prom to bo oonvoni.ont.

I’iQgtaroa 56 and 57 present compos~%e skeleton C~
charts the.t show the enmlopes of the operatinc ourves for ‘
three-, four-, six-, end eSght-bla#s sin@.e- nnd duml-
rotatin~ propellers. Tha relntive efficiencies and diame-
ters mny he determined direotl~ for my set of oondttlone,

Innsauck ns compressthillt~ is nn Important desisn
paranetor, which is neElected In tho Cs chnrts, an e.ddi-
tionnl chr.rt is pi*ovi&ed tn fi~re 6a to relato rotational
and helical t~p spao~.s with V/nD. rho syeod of sound in
EItnnhrd ~t310Sphr0 f~ 31G6 .;it”onfor convonionce. ~~itlJ

forward spcod cnd liui%ln~ hol~cml tip spood known or us-
suaod, the limiting T/n3 an? rotr.tional spood may be
road dt=octl= nnd used in connocti~n with tho Cs chart e

provioilsiy doscribod. !!Ji3soc?~,nr:athus -provido aa oas~
monns for dotorzlininG for proliminn=y computations not
only t~o diamotor tv.t alsc ttio roar ratio for yoalc-offl-
cioncy oporation for each propollor solitl!ty.

The {;onornl offocts of dual rotr.tion on propollor
charactoristioo found in t]:ie Invostination of pusher pro-
pollors di.ff~red onl~ in &oGroo fron thoso listed in pre-
vious ro?orts of tractor pro20110rt3. ?hoso offocts r.ro
sumuc.rfzod noro spooifionlly in tho followin~ conclusions
relating to tho prosont lnvoeti~ation.

1. Singlo-rotatinC pusher propellers woro found to
IJO from O to 10 porcont 10ss officiont than corresponding
trnotor propcllors; %ut dual-rotatic~ pusho.r propollors
had nbouti tho samo officloncy as tho corresponding trao-
tor propollors.

—- —.-—- —.-.—— -—— —-
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2. The peak effici.oncy of dual-rotating pusher prQ-
pollors was found to be from 1 to 16 p~rcont higher than
that for singlo-rotnting propollors. ~he gnin In offi-
cioncy dopondocl upon tho hlado-an@o taotttng and the nun-
hor of blndos, tho hi.ghor of oithor the {;roator the gain.

3. Dual-rotating propollors woro found. to bo sull-
stantinlly noro otflciont for tho take-off and clinbin~
conditions of fliqht thnn tho sin~lo-rotating propollors,
particularly for oporation nt hl,3h powor coofficionts.

4. Tho peak blado offlcioney was foun?-.to decroaso
with incroasod nunbor of l.la:’.osfor the sin~lo-rotnting
pnshor propellers Iut not for tho dual-rotatin~ prcpollors.

5. !Cho officioncy for tko take-off nnd clinbing con-
ditions incroasod substc.ntirdly wi+h incroasos in nunbor
of blndos for constr.nt pGwor input with a sli[72t loss at
tho hi~:.-spood Coucl.i.tio?l.

6. Dual-rotatinG ~]ropollors woro found. to absorb
subst.ailti~.ll~rnoro powor at peak efficiency than ginglo-
rotatia~ propellers of tko sano solidity; tho cffoct Was
ovon aoro pronouacod for th”~ tnko-off m?! cllnlI condi-
tions,

7. Tho pow~r absorl!c-1pcr blndo at pork efficiency
decreased Gltdktl;’ with incren.set! r.unbers of bln:l.es,sore
so for sin~:le rote.tion thzn fcr ?.ual rotction.

8. A lar~e increase in the length of the spinner re-
sulted in several perce:~t incroaso in the not efficloncy
of a sin~le-rotatin~ propellor hut the ,Tain was aeC31iCihle
for a dual-rotatinfl propollor.
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Figure l.- Six-bladesingle-rotationpropeller installed in lon~ spinner.
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Figure 3.- Six-blade dual-rotation propeller installed h short sptiner,
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